Let ACG(n, F q ) be one of n-dimensional affine-classical spaces over a finite field F q , and let M be an orbit of totally isotropic flats under the corresponding affine-classical group. Denote by L the set of all the intersections of totally isotropic flats in M. If we partially order L by ordinary or reverse inclusion, two families of finite atomic lattices are obtained. This paper discusses their geometricity and computes their characteristic polynomials.
Introduction
Now we recall some definitions and terminologies about finite poset and lattices. The reader is referred to [1, 10] for details.
Let P be a poset with partial order ≤. As usual, we write a < b whenever a ≤ b and a = b. For any two elements a, b ∈ P , we say a covers b, denoted by b < ·a, if b < a and there exists no c ∈ P such that b < c < a. If P has the minimum (respectively maximum) element, then we denote it by 0 (respectively 1). In this case we say that P is a poset with 0 (respectively 1). Let P be a finite poset with 0. By a rank function on P , we mean a function r from P to the set of all the nonnegative integers such that:
(i) r(0) = 0; (ii) r(a) = r(b) + 1 whenever b < ·a.
Observe the rank function of P is unique if it exists.
Let P be a finite poset with 0 and 1. The polynomial
χ(P , x) = a∈P μ(0, a)x r(1)−r(a)
is called the characteristic polynomial of P , where r is the rank function on P . A poset L is said to be a lattice if both a ∨ b := sup{a, b} and a ∧ b := inf{a, b} exist for any two elements a, b ∈ L. Let L be a finite lattice with 0. By an atom in L, we mean an element in L covering 0. We say L is atomic if any element in L \ {0} is a union of atoms. A finite atomic lattice L is said to be geometric if L admits a rank function r satisfying
for any two distinct elements a, b ∈ L. In a finite atomic lattice, (1) is equivalent to
The set of flats of a combinatorial geometry ordered by inclusion is a geometric lattice. Conversely, given a geometric lattice L, the incidence structure (L, {F y | y ∈ L}) is a combinatorial geometry, where
It is well known that two isomorphic lattices have the same characteristic polynomial and the geometricity. The results on the lattices generated by orbits of subspaces under finite classical groups may be found in Huo, Liu and Wan [4] [5] [6] , Huo and Wan [7, 8, 10 ], Gao and You [2, 3] , Wang and Feng [11] . In this paper, we construct some families of finite atomic lattices generated by orbits of totally isotropic flats under finite affine-classical groups, discuss their geometricity, and compute their characteristic polynomials (see Theorems 2.1, 2.2).
Affine-classical spaces
In this section we shall first introduce the concepts of totally isotropic flats in affine-classical spaces, and then introduce our main results. We follow the notations and terminologies in Wan's book [9] .
In this section we always assume that
The symplectic group of degree 2ν over
together with the right multiplication action of Sp 2ν (F q ) is called the 2ν-dimensional symplectic space over F q . An mdimensional subspace P in the 2ν-dimensional symplectic space is said to be of type (m, s) if P KP T is of rank 2s.
Let q = q 2 0 , where q 0 is a power of a prime. Then F q has an involutive automorphism a → a = a q 0 . The unitary group of degree n over F q , denoted by U n (F q ), consists of all n × n matrices T over F q satisfying TT T = I n , where I n is the identity matrix of order n. The vector space F (n) q together with the right multiplication of U n (F q 
Suppose q is even. The pseudo-symplectic group of degree 2ν
together with the right multiplication action of , and (ii) e 2ν+1 / ∈ P or e 2ν+1 ∈ P according to ε = 0 or 1, respectively.
Denote by K n the set of all n × n alternate matrices over F q . Two n × n matrices A and B over F q are said to be congruent mod 
where z is a fixed non-square element of F q . For q is even, let
where α is a fixed element of
The orthogonal group of degree 2ν + δ over F q with respect to S 2ν+δ, Δ , denoted by
q relative to a subspace P of type ϑ is called a ϑ -flat. The dimension of a ϑ -flat x + U is defined to be the dimension of the subspace U , denoted by dim(x + U). Define the empty set ∅ to be the flat with dimension −1.
A flat F 1 is said to be incident with a flat F 2 , if F 1 contains or is contained in F 2 . The point set F (n) q with all the flats and the incidence relation among them defined above is said to be the n-dimensional affine-classical space, denoted by ACG(n, F q ).
Let L k denote the set of all flats in affine space AG(k, F q ) including the empty set. If we partially order L k by reverse inclusion, then L k is a lattice (see [11] ).
In this paper, we always assume that ACG(n, F q ) is one of the n-dimensional affine classical spaces with n = 2ν + δ. Also, for each i, we assume that e i denotes the n-dimensional row vector whose ith component is 1 and other components are 0's.
The set of matrices of the form
where T ∈ G n and v ∈ F (n) q , forms a group under matrix multiplication. This group is said to be the affine-classical group of ACG(n, F q ), denoted by AG n . Define the action of AG n on ACG(n, F q ) as follows:
Then each affine-classical group AG n is transitive on the set of ϑ -flats in ACG(n, F q ) for a given ϑ . A flat x + U is said to be totally isotropic if U is a totally isotropic subspace. There are the following five distinct types of totally isotropic flats: 
Similarly, for any two flats
Therefore, both L O (m + ω, ω) and L R (m + ω, ω) are finite lattices. This article discusses the lattices generated by orbits of totally isotropic flats under each AG n . In particular, we obtain the following results. 
Theorem 2.1. Given a (2ν
+ δ)-dimensional affine-classical space. Let 0 ≤ m ≤ ν and ω = 0 or 1. Then (i) L O (m + ω, ω) (respectively L R (m + ω, ω)) is atomic. (ii) L O (m,
Theorem 2.2. With the assumption of Theorem
2.1, the characteristic polynomial of L R (m + ω, ω) is χ L R (m + ω, ω), t = t m+2 − 1 − m+ω i=ω M(i + ω, ω) · q 2ν+δ−i χ(L i−ω , t).
Proof of main results
In this section we discuss lattices in a (2ν + δ)-dimensional affine-classical space, and always assume that ω = 0 or 1. We begin with a useful lemma. − 1) + ω, ω) , there are at least two distinct m-dimensional totally isotropic subspaces W 1 and W 2 containing U ; and so
By the definition of L(m + ω, ω), x + U ∈ L(m + ω, ω). Hence our claim holds. It follows that
, ∅ and all (r + ω)-dimensional totally isotropic flats with 0 ≤ r ≤ m.
Proof. By the definition of
Since any non-totally isotropic flat is not contained in L(m + ω, ω). Hence the desired result follows. 2
Proof of Theorem 2.1. 
. . , α r , e 2ν+1 be a basis of U . Then x + α i + e 2ν+1 ∈ M(1, 1). Since . It follows that , we have r R P ∧ (P + x) + r R P ∨ (P + x) = m + 2 > 2 = r R (P ) + r R (P + x).
Hence L R (m + ω, ω) is not geometric whenever 1 ≤ m ≤ ν. 2
Proof of Theorem 2.2. For convenience, we write L = L R (m + ω, ω). For
Note that L F By the Möbius inversion formula 
